Abstract. In this work the open photoacoustic cell technique (OPC) is applied for measuring the thermal diffusivity (a) of human nail tips. Human nails are natural polymers that receive less attention in clinical analysis than other human body parts, although they are very interesting in giving information about some external diseases like dystrophies. Diagnosis and therapy with topic application of anti-fungal creams could be monitored since thermal properties are known. The OPC experiments in the low frequency range were done and through photoacoustic signal decay, the OPC model were used for fitting data in order to obtain the thermal diffusivity of the human nail in vitro. The average value for the nail tips used was found to be a ~ (8.9 ± 1.3) x 10 -4 cm 2 /s, when different light source is used for photothermal heating. This average is of the order of that evaluated for the human skin.
INTRODUCTION
Nowadays, study of interdisciplinary field has become more and more important, mainly those that evolve measurement of properties of the live tissues and organs. It is a concern that these tasks bring out some difficulties that overcome from the fact of the living studies are troublesome. The human body is not a closed container itself and external exchange of fluid and heat is likely to be important. Methods developed to try doing this are not very common despite being found in literature some of them [1] . In vitro and vivo biomaterial properties of quite a sort of organ (or its parts) and tissue are discussed and tabulated in the annual review of biophysical and bioengineering [2] . They report properties of thermal conductivities and diffusivities of parts of bovines, cats, chicken, pigs and human. Although this review presents a lot of thermal properties for human tissues and some human organs, the human nails were not evaluated as far as we know.
The human nails constitute one of the interfaces between the body and the environment, and they play an important role in the defense of the organism. Because of the eventual contacts with external agents, as for example, the fungus, the nail acquires diseases coming from the environment. Although receiving less attention that other human parts, the role of the nails in diagnosis is some times neglected. Human nails present a layered feature and play an important role not only in the aesthetic aspect but also in the identification of diseases that can be observed through its physical aspect. The clinical consequences of underestimating the existence of disorders in nail plate can be dramatic because any pigmented lesion may show potential malign. Therefore, precise diagnosis rests on the laboratory. As much in practical dermatological as in practical generality, the illness of the nails constitutes common complaint that demands more important and detailed study of their physical properties.
Recently, Sowa [3] studied ex-vivo human nails under antifungal therapy, using infrared spectroscopy and pointed out the needs of depth profiling analysis. Following that work, we found out that nail thermal properties were not tabulated in the literature and that thermal diffusivity is a fundamental parameter for such depth profile analysis.
The Open Photoacoustic Cell (OPC) [4, 5] is applied in this paper for measuring the thermal diffusivity (a) of a human nail piece "in vitro" as a first step for monitoring the penetration of antifungal agents through finger nails.
EXPERIMENTAL

Sample preparation
The human nail is natural polymer transparent and smooth; it has low elasticity and flexibility. The tip nails were detached from the hand of a white middle aged female ~20 years old. The nail in study was cut and file for the withdrawal of the internal surface layer (Figure 1) , which resulted in a thickness of 135 mm and diameter of the order of 6 mm, enough for OPC experiments (Figure 2 ). The thickness was measured with a digital micrometer Digimatic Mytutoyo having an accuracy of 1mm.
Open photoacoustic cell
The Open PA Cell consists of a well narrow column of gas having a minimal volume and in the cylindrical form. The configuration uses an acrylic made cell body having two side illumination possibilities but only the rear illumination was used here. The gas column is closed from one side with a sapphire window and the other side is closed with the nail sample itself. The chamber leads to a double way duct, one that binds to the chamber of the Sennheiser microphone and the other that binds to a removable screw used for safety during replacement of samples. The generation of the photoacoustic signal is the expansion and the contraction of the narrow layer of adjacent gas to the warm surface of the sample such that predicted by RG thermal piston model [6] . For a rear illumination and under strong absorption near sample surface, the OPC theoretical model leads us to the pressure variation: (
Where g = c p /c v as the specific heat ratio; P 0 and T 0 are the ambient pressure and temperature; I 0 flux of light monochromatic incident; k i and a i is the thermal conductivity and diffusivity respectively, i = "g" (gas) and i = "s" (sample); the complex parameter s i = (1+j)a i is frequency dependent. The limiting cases consider two situations: thermally thin l s a s << 1, where pressure is dependent on f -3/2 , and for thermally thick l s a s >> 1, with signal decaying exponentially with frequency 
RESULTS AND DISCUSSION
For this experiment the Sennheiser™ microphone with 10 mV/Pa of sensibility was used for supporting itself the nail piece and this sample was illuminated in the external surface (see Figure 1 ) with a HeCd laser (75 mW at 440 nm) and Tungsten lamp (Halogen 250 W, visible) in several runs. Open Photoacoustic Cell experiments were performed four times in the frequency range of 6 to 100 Hz. Figure 3 shows typical signal decay for nail sample as a function of frequency. After fitting the photoacoustic signal dependence, which supplies the parameter b, the thermal diffusivity is calculated. The log plot shows that the OPC model is valid in the range of frequencies used here since the linear dependence is predicted and the values evaluated for the human nail were found in the range from 7.61 x 10 -4 cm 2 s -1 to 10.8 x 10 -4 cm 2 s -1 . After several runs we obtained the averaged thermal diffusivity of nail a ~ (8.9 ± 1.3) x 10 -4 cm 2 s -1 . Table 1 shows the main result for the nail used in this work.
This value is compared to that of the human skin (~13.6 x 10 -4 cm 2 s -1 , calculated from conductivity and thermal inertia, see ref. [2] , pp. 60) and that of synthetic polymeric materials (~11 x 10 -4 cm 2 s -1 , typical for PEBD [7] and PET [8] ). As far as we are aware, this is the first time that one obtains the thermal diffusivity for a human nail. 
CONCLUSION
Through the OPC measurement the average value of the thermal diffusivity for the human nail was found (8.9 ± 1.3)x 10 -4 cm 2 /s being compatible with values normally found for other similar human tissue and polymer like materials.
We believe the value found here, when tabulated may be used for any drugs delivery studies that need the heat propagation to be know, mainly for depth profiling purposes.
